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BIOCHEMICAL AND GENETICAL STUDIES ON INH METABOLISM

I. CONFIRMATION OF THE TRIMODALITY OF THE FREQUENCY DISTRIBUTION CURVE
OF THE BIOLOGICALLY ACTIVE ISONIAZID LEVELS IN SERA OF CAUCASIANS

Sunahara-Urano's hypothesis about the geneticel patterns of isoniasid
inactivation 1is based on their obeservation of the trimodal frequency
distribution curve of the bioclogically active isoniasid concentrations
6 hours after the dose of 4 mg/kg body weight of isoniazid corresponding
to rapid, intermediate and slow inactivation of isoniazid in the human body
and the validity of their hypothesis has been verified both by the family
study and by the ynpulation survey on the Japanese, Ainus, Koreans,

Chinese and Thai., (c f. Annual Report for 1962, Science 134, 1530, 1961
and Bulletin of the International Union against Tuberculosis 32, 513, 1962)

Aceording to their hypothesis, slow and rarid inactivators are homosygous
and intermediate heterozygous, and inactivation of isoniazid is concerned
with inheritance without dominance. But other investigators, such as Knight
and Harris, Evans and McKuskk, etc. were failed to establish a trimodal
distribution curve and they were only successful in distinguishing two
modes: "slow" and "rapid". Though Knight et al mentioned "intermediate®
too, this term meant for them nothing but am antimode or a vslley in the
trimodal distribution curve, while "intermediate in our classification is a
mode or a distinctly defined group of subjects quite similar to "slow" and
"rapid". It is the reason why American and English researchers hesitate to =~ = - .

"aprrove Srnahara's genetical hypothesis thoroughly.

The cause of the discordance between the distribution curve in the
Jaranese rerorted by Sunahara et al and that in the Caucasians (or negroes)
rerorted by Knight, Evans,etc. has not been cleared up yet, but as it is
11logical to surrose that a different law of inheritance holds for the
Japanese and Cavcasians, the difference in laboratory techniques used by
Sunahara and other investigators must play an important role. For instance.
Clark discussed: "Sunahara et al (1960) have shown, using a very refined
microbiological technique that there is a trimodal distribution of serum
isoniazid in Japanese patients. This finding suggests that their technique
is able to separate out the three genotypes present in the population but
this has not been conclusively proved by means of an apyrorriate family
studies! (C.A. Clark: "Genetics for the Clinician} Oxford, 1962, p.191)
(The latter part of his comment is concerned with our earliest rerort, for
we are now successful in testing our genetical hypothesis based on the
result of family study as indicated in the annual report 196l and other
reports of our

Maw et s -




R S TN

PRI SRR

o ot i RS

We established trimodal distribution curwve in the Chinese and the Thai,
& larger percentage of which are slow inactivators as in the Caucasians, but
we have not been successful in collecting a sufficient number of hlood of the
Caucasians to draw a distribution curve. .

Eerly in 1963, Knight and Harris and we agreed to exchange sera of the
Caucasians and the Japanese between Philadelphie and Tokyo. Knight et al
determined active isoniazid concentration by means of the vertical diffusion
method modified by Mitchison which is a little different from ours in
detail. For instance, agar solution is added to serum and drug is diluted
by distilled water with agar instead of serum for the preparation of a
standard curve, etec.

Fig. 1 & 2 show the frequency distribution curve for the Caucasians
rrepared by Knight et al and by us respectively. Based on this investiga-
tion, Knight wrote me recently: "We have confirmed your finding of
trimodality of the frequency distribution curve in Caucasians and Japanese
ropulation...The differcnce in technique probably accounts for the small
difference between your result and ours..."

At last we are successful in cstablishing trimodality of frequency
distribution curve of the Caucasians and consequently the validity of our
genetical hypothesis will be verified, we believe, thoroughly regardless of
kinds of human reces.

Fig 3 indicates the frequency distribution curve for the Japanese drawn
based on the data rerorted by Knight et al. , - L
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Fig. 1 Frequency distribution curve of Caucasians (108 subjects)
deternined by a modified vertical diffusion method
—Knight et al 1963
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Fig, 2 Frequency distribution curve of Caucasians (108 subjects)
(seme sera as in Fig 1) determined by Urano and Sunshara
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Fig. 3 Frequency distribution curve of Japanese (105 subjects) by mesns
of 2 modified vertical diffusion method-—-Knight et al 1963
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II1. BIOCHEMICAL STUDIES ON ACETYLATION IN ANIMAL TISSUE

Not only species difference but also drug difference in respect to
acetylation in animel tissue was observed by us as reportel already, For
instance, isoniazid was inactivated very vigorously by chicken liver or
Figeon liver, while it wes only slightly af’ected by rebbit or rat liver.
Acetylation of sulfisoxazole and PiB. wes very week in chicken liver, while
sulfonilamide was inactivated in chicken and pigeon liver quite markedly.
FAB\ was acetylated very actively only by pigeon liver. We rerorted also
that the addition of acetate, yyruvate or co-i to the reaction system
enhanced acetylation to a rerarkable degree in tre chicken or pigeon, while
slight increase in acetylatiorn was recorded in the guneapig or rat.

1. EFFECT OF .LTP ON /CETYLATIOF

ATF is an essential energy source for acetyletion as Lirmarr deronstrated.
Using Warburg vessel, we stulied the r<lationship bectween the amount of ATF
and acetylating activitr of chicker liver homogerate. The experimert-1
condition was as follows:

3 ml

Main chamber 1/15 ! phosrhate buffer
0.1 M mg el 1
Ou4 M Ka F 1

o]

o

0 Temperature: 37°
0.1 M Nz acetate 0

o]

1

0

C

3

4 Gas phase: Air
500 mcg/ml INH 4 Incubation time: 30 min.
0.4 g homogenate 0 , ) ,
- 4
2

Hp0

Side chamber 20% KOH .

As indicated in Fig, 4, though augrentation in the rste of acetylation is
observed after the addition of ATF to the resction system, it is difficult
to exceed 50% regardless of the increased doses of LTP. The erdogenous ATF
in liver tissue accounts for 16% acetylation without any additional ATF.

Fig. 5 illustrates that there is a close correlation between acetylation
of sulfonilamide by the acetone powder extract of chicken liver and the
amovnt of 0,15 M ATF added to a Kaplan-Lirmenn's reaction system.

Fractionnl determination of adenosine derivatives being difficult, we
mezsured A7P content of the liver of several kinds of animcls as shown in
Fig. 6. It is needless to note that ADF, iM and creatin phosphate were
also measured ne ATP but ATF was believed to accoynt for 70-80% of A7P.
As Fig, 6 shovs there is nlmost no difference in average content of A7P
of the liver of wvnrious "nlaale, it ie quite natural to surpose that the
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species difference in acetylating activity is not due to ATP content of
liver tissue. The pigeon liver which has the most actively acetylating
capacity is almost equal to the rat or mouse liver which acetylates
isoniazid to the least degree with resrect to the ATF content.

2. RELATIONSHIF BETWEEN CO-A AND SFECTES DIFFERENCE IN /iCETYLATION

In the /nnual Rerort 1962, we demonstrated that there was no correlation
between co~-i contert of the liver of several species of animals and their
capacity to acetylate isoniezid, sulfonilamide or FABA.

Fig. 7 rerresents th-t the acetylating activity increases to a certein
extent when co-i is added to acetone rowder extract of pigeon liver, but
it rcaches the maximur: 1imit for each drug, sooner or later. The order
of the cayacity is PABA, INH and sulfonilamide. In Fig, 7/A , e diagram
is rerroduced from the Annual Report 1962 to indicate the comrarative

capacity of rigeon liver homogenate tc acetrlate isoniazid, sulfonilamide
and F..BL.

Fig. 8 deals with acetylation of the irugs by aceione powder extract of
chicken liver. It is noteworthy that acetylation of F.Bi and sulfonilamide
remained almost unchanged ever =fter the addition of the meximum ~mount of
co-A to the resction mixture,
while isoniazid is acetylated markedly. Comparison of the rates of
acetylation among these three kinds of drugs by chicken liver homogenate

is shown in Fig. 8/i.

The relationship betweer druvg and species difference in acetylation by
acetone rowder extract is illustrated in Fig. 9. Isoniazid is acetylated
very vigorously by the rigeon and alsc by the chicken but only to a
negligible degrce by the grinearig regardlesc of an increasing amount of
co-i added to the reaction evster, If is remarkable that chicker liver
shows very week capacity of acetylation in sharp cortrast to pigeon liver.

Based on these observations, the tentative conclusion has been reached
that the srecies difference in acetylation does not depend on the content
of ATP, co-A or certzin substrates in animal tissue but on either
quantitative or qualitetive differerce in acetylase found ir vzrious kinds
of animals.

According to Lipmann, the stages of acetylation are understood 2s follows:

ATF
(1) Acetate + co-i Lcetylﬁinase<% .cetyl co-h

(2) Acetyl co-A + Drug Transacetylasé% .cetylated drug + co-A

Our further research will be concerned with differentiation of acetyl-
¥inase and transacetylese and arproach to the mechanisnm of individual,
srecies and drug difference in acetylation.

6
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Fig. 4 Effect of AT added to the reaction system on acetylation of INH

Fig
100t
501
I 0]

by chicken liver homogenste

acetylation
50% s T s
Domsrat H,
g R
1 P s el
i//. !'/ "'i !///!
'/', /! i
,’ i . // :
T S T LT
o !//;1 D A
] T i s ! 4
VI 2 P S
i/ 1 i Lo | ‘,i i
GRS A N
o f,/,l ! ,,/’14! ! ,‘ s H //L
(-) 0.0005  ©.001 0.0CL5 0.002 M

Cor.centration of ATF

+ 5 Reclationshir between acetylation of sulfonilamide by acetone

powder extract of chicken liver and amount of 0,15 M ATF added
to the reaction mixture

Si acetylated

._,,"'
H.//////,//a
/"’“r
,l..
:I'.
K4
//V
et em e smag aciomie e 4 e s >
.04 c.08 0.12 0.1¢ .20 ATP cc (0.15M)
7




R T PR e

Fig

10d
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Fig. 7 Capacity of aceton powder extrzct of pigeon liver to acetylate
€ PABA, Iﬁﬁ and sulfogglamide, rclate {oga dose of co~-. ¥
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Fig. 8 Capscity of acetone rowder extract of chicken liver to acetylate
IKH, sulfonilrmide -rd FiBA, rclated to a dose of co-ic 21ded to

reaction syster
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ITI. DET:R-I[N.TIOL OF ISONKL.ZID DEKIVATIVSE LXCRETLD IF URINE
BY .. MW MTTHOD

We h-ve stuillled urin-ry excretion of :zetabclites of Igoniazid by me=ns
of Hughes' nethol which is a modificatisr of Short's ncthod. Ae Short
published rec:rttly a new rodificction of his method (Tubercle 4z, 218-226,
1961), we tried to coryare this rethod with Hughes' uethod.

In our previoas stuly, we mecsurel free isoniszii zrl hydirazore by
means of Short's retho! mcdified by Bughee, -r.l acctyl isoniezid by
Kelly-Foet's techrique rodifie? by Taysme. I the rresent study, Skort's
technique which epen’s on the reaction of 1:2 r-yhticquinone-4-sulyhcnic
acid with the twd hyldrcgen ztoms of the -FHo grour ¢f hyirazil wes uvsed

for the deterrdir:tior of free isorizz:l hylrazone zr 1 zcetvi iscriczid,

Table 1 shows the actuzl valuee of estiratior by Fuihce' rethod (4)
and the rew Short's teckrigre (B). Takle 2 & 3 irfic-tec ~ounts z2rd
Fcrcentages of trze three :etabclites cxereted ir urine <f ithree sutjects
after the oral “cze of 4 rz/kg bedy weight czlculates: or the bzeis of
the valuces in Toble 1. The v-iues for hyirzzonc by the rew rethcl
inferior to thatt by the cli zcthed =23 the exzet ccrverse ic truc witk the
volue of ~cetyl lecordazil zs in‘ic ted in Figz. 10.

The estiration of acetyl isonizzid, hydrazore icericzil =r” free
isoniazi’! on 15 subjects is charte? in Fig. 11 & 1z. The mzjor rart of =cetyl
isoniazil is excretel during the first 12 houre, whii- th-t of freec isoriszzid
and hyirazone during tre first 6 hourc. The totsl ercurt ¢f the three conpounis
accounts in average for 53.6% <f tre dosc of the cl inistr-tion =s showr in

Table 4 =ord Fiz. 13.

Fig., 14, 15 & 16 deronstrzte the rel-tiorship betweer the biclcgically
active isonizzi? concentr-tiors & hours -fter the dose of 4 ng/k: body
weight of isori=zii on the cns Fend anl acetyl iscrizzil or free iscrizzid
in 6, 12 or 24 rcur urine on the other.

The distinctiion of the three patterns of isoriezii iractivatior besed orn
urinary cxcretion of metabelites ir Fig. 14 which is ccncernmed with 6 hour
is nost clear-cut as corysred with Fig. 15 apd 16, but the rurber of the
examined is tcc smsll to draw 2z definite conclusiorn thzt we zre zble tc
classify the three ¥inds of the geneticcl trait on the basis of urinslysis.

12




Table 1

.ctual valves for 3 hour urine (mg)
Method Kinds of Exrerirernt

_hetabolites Fo.l Yo, 2 Ea 3
F 7.4 7.8 4.5
A F+H 1z.5 11.7 8.2
F+H+A 42.0 44.5 45.3
F 7.0 7.7 4.1
B F+H 8.¢ 1¢.2 6.1
F+H+. : 41.0 9.7 L6.5

- Table 2 mount of three kinds of metabolites ir 3 hour urire (mg)

Method Kinds of

__ ___ metabolites Yo Fo.2_ Ko,
— Free INH 7.4 7.8 4e5
A Hydrazone IFH 5.1 3.9 3.7
Acetyl INH 2905 32-8 3701
Free INH 7.C 7.7 4.1
B  Hydrazore I'H 1.6 2.5 2.0
icetyl INH 3R.4 26.5 40.4




Teble 3 Relative amount of metabolites (%)

Method KXinds of Exyerinent .
_metabolites Fo. 1 Ko. 2 Ko, 3 uverage
Free INH 17.6 17.5 9.9 15.0
A Hydrazone INH 12.1 8.7 8.2 9.7
Acetyl INH 70.3 73.8 8.9 75.3
Free INH 17.1 19.4 8.8 15.1
B Hydrazone INH 3.9 6.3 4.3 7.7
Acetyl INH 79.0 74.3 86.9 0.2
Fig. 10 g
100 + .
~ %
V_/ /’
v /
< /
e “
el yd
/ é Acetyl INH
PSS 50-1- ’
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A B




Fig. 11 Urinary excretion of acetyl, hydrazone :nd free IKF in 15 czses
after / mg/kg of oral administration of ITH
ng
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——— Fig. 12 Urinary excretion of acetyl, hydrazone ard free INH
in percentage (..verage of 1{5 cases)
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Urirery excretion of total IMH after 4 mg/kg of orel administration

of INH in 15 cases

in 6 hours in 12 hours

in <4 hours

Total INH excreted in urine

56.3%

34.2
72.6
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IV STUDIES ON ISONTAZID INACTIVATICN OF MONKEY
In view of establishing the relationship between blood levels of
1soniazid ard acetylating activity of the snimal tissue and at the same
time for the purpose of investigating the rmetabolic patterns of isoniazid
in the animal species which is very close to human beings phylogeniticelly,
our research on the monkey (tynomolgus—-M.s.C.: IRUS) is now in rrogress.
In this experiment, the reaction system for the monkey tissue horogenate
is arranged so 28 tc contain a sufficient amount of ATF end co-i. as follows:
Jo  Fhosrhate buffer (Fh 7.4) 0.5 m
. -5%- Na ATP 0.3
JL
10 Mg Cl, 0.1
A M N
10 M ha F 0.1
¥ 0
Jo~ Fa acetate A
500 mcg/ml INH 0.4
Homogenate (25%) 1.0
"1 mg/ml co-A . 0.2
Total 3,0
2
#% KOH 0.2
Incubated at 37° for 30 mimutes
e

] Fig. 17 indicates blood levels after the oral dose of 4 ng/kg body

' weight, 8 mg/kg body weght and 16 mg/kg body weight. 4s the blood levels

i after the dose of 4 mg/kg ' is too low, it seems neceseary to take
1 8 or 16 mg/kg as a test dose. Though we intend to draw a frequency
distribution curve of the blood levels of the monkey, the number of the
animals is too small to draw a reliable curve for the time being.

Fig. %g & Table 5 show the acetylating capacities of the tissue
homogenates.
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Fig. 18 icetylating capacity of monkey liver (30 ronkeys)
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Table 5 Acetylating capacities of monkey tissue homogenates

Animal No. Liver Spleen

1 305% 5‘65
2 12.1 3.5
3 10.6 4.0
4 14.6 6.4
5 15.9 1.1
6 23.2 3.1
7 9.2 0
8 7.2 2.1 Apnimal No. 11
9 7.1 0
10 5.2 0.8 Liver 30.6% .
11 30.6 0 Kidney 12.0
_ 12 24.3 4.9 Heart 0
13 9.4 2.4 Brain 0.5
14 25.6 1.5 Lung 0
15 9.2 1.0 rleen 0
16 11.7 4.5
17 11.2 7.2
18 15.8 1.0
1c 3.4 0
20 21.8 5.5
A 21.6 12.0
: - - 22 13.6- - 0O
23 9.2 12,5
24 7.5 2.5
25 27.2 0
26 16.5 3.7
27 10.7 2.4
o — 28 10.9 0
29 20.6 0
30 26.1 0 .
Average 16.12 2.94
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V FKI (FURYL-2~-METHYL KETON ISONICOTINYLHYDRAZONE)

FKI is a new derivative which has been synthesized in the laboratory of
the Daiichi Seiyaku Comyany in Tokyo in 1955 and later commercislized in
Italv. Itolian investigators reported that it showed & very low minimum
inhibitury concentration against mycobacterium tubercilosis in vitro, but
we could not confirm their findings. Prof. Kakkemi of Kyoto University
studied the pattern of urinary excretion of free isoniazid after the dose of
FKI to animals an? suprosed that this new corpound must be highly long
acting.

The result of our deterninat on of the biologically active isoniazid

~ level after the or-l dose of FKI in comparison of isoniazid itself and other

1inds of isoniazi? which are comrercialized ir Japan is es follows:

Dose INH 300mg {Interic coating)
IHMS (INH-metasulfete) 300:zg as INH ( n n ?
INHG (INH-glucurcnate) " ( " vo)
IFC (INH~-ca-pyruvate) " ( noon )
FKI n ( ti n )

FKI showed higher levels than others at 10 hours as indicated in Fig. 19.

Fig. 19 Comparison of blood levels after the dose of various kinds of
INH derivatives
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